
¿“§«‘™“øî ‘° å §≥–«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤
*ºŸâπ‘æπ∏åª√– “πß“π, email: e_amsomboon@hotmail.com

∫∑§«“¡«‘®—¬

°“√»÷°…“ ¡∫—µ‘∑“ßøî ‘° å¢Õß “√ Nd123 ∑’Ë‰¥â®“°
°“√‡µ√’¬¡¥â«¬°√–∫«π°“√À≈Õ¡

¡≥±“ ‡Õ’Ë¬¡ ¡∫Ÿ√≥å* ≥—∞π√’ ¥√ÿ≥‡πµ√  √—≠√  æ®πå∏√√¡ ∞‘µ‘æß»å ‡§√◊ÕÀß å
∏—≠πæ π‘≈°”®√ ‡ √‘¡ ÿ¢ √—¥‡√àß ·≈– æß…å·°â« Õÿ¥¡ ¡ÿ∑√À‘√—≠

∫∑§—¥¬àÕ

„πß“π«‘®—¬§√—Èßπ’È §≥–ºŸâ«‘®—¬‰¥â∑”°“√ —ß‡§√“–Àå “√ Nd123 ¥â«¬°√–∫«π°“√À≈Õ¡ ‚¥¬¡’
π’‚Õ‰¥‡¡’¬¡ÕÕ°‰´¥å (Nd2O3) ·∫‡√’¬¡§“√å∫Õ‡πµ (BaCO3) ·≈– §Õª‡ªÕ√åÕÕ°‰´¥å (CuO) ‡ªìπ “√µ—Èß
µâπ ∑”°“√‡º“¥â«¬°√–∫«π°“√‡º“·§≈‰´πå (calcination) ·≈–°“√‡º“ºπ÷° (sintering) ∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß∑’Ë ÿ¥
1,136 Õß»“‡´≈‡´’¬  ®“°π—Èππ” “√∑’Ë‡µ√’¬¡‰¥â‰ª∑”°“√»÷°…“¥â«¬‡§√◊ËÕß¡◊Õ XRD, EDS, SEM ·≈–
STA æ∫«à“ “√ Nd123 ¡’‚§√ß √â“ß‡ªìπÕÕ√å‚∏√Õ¡∫‘§ a = 3.8781 Õ—ß µ√Õ¡ b = 3.9226 Õ—ß µ√Õ¡
c = 11.7743 Õ—ß µ√Õ¡ Õÿ≥À¿Ÿ¡‘‡æÕ√‘‡∑§µ‘§ (Peritectic temperature, Tp) 1,084 Õß»“‡´≈‡´’¬ 
·≈–¡’ Ÿµ√‡§¡’‡ªìπ NdBa2Cu3O6+x ́ ÷Ëß„π “√µ—«Õ¬à“ßæ∫«à“·∫àßÕÕ°‡ªìπ 2 ‡ø  §◊Õ Nd123 ·≈– Ba2Cu3O5+x

§” ”§—≠: °√–∫«π°“√À≈Õ¡ Nd123  ‚§√ß √â“ßÕÕ√å‚∏√Õ¡∫‘§
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The Study on Physical Properties of Nd123
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ABSTRACT

In this research, the Nd123 materials were synthesized by melt processing with
Nd2O3, BaCo3 and CuO as the starting materials. The calcination and sintering with the highest
temperature 1,136 ÌC were used in our research. The obtained Nd123 samples were characterized
by XRD, EDS, SEM and STA. We found that our samples was orthorhombic structure with
a = 3.878 Å  , b = 3.9226 Å  , c = 11.7743 Å  . The peritectic ternperature of 1,084 ÌC with
the chemical formula as NdBa2Cu3O6+x were fabricated. There were two phases classified as;
Nd123 and Ba2Cu3O5+x.
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∫∑π”
‡π◊ËÕß®“°µ—«π”¬«¥¬‘Ëß YBa2Cu3O7-x À√◊Õ Y123 ‡ªìπµ—«π”¬«¥¬‘Ëß∑’Ë¡’Õÿ≥À¿Ÿ¡‘«‘°ƒµ‘ Ÿß°«à“

80 ‡§≈«‘π ´÷Ëß‰¥â¡’§«“¡æ¬“¬“¡À≈“¬ª√–°“√‡æ◊ËÕ‡æ‘Ë¡§à“Õÿ≥À¿Ÿ¡‘«‘°ƒµ‘ §«“¡∑π°√–· ‰øøÑ“ ·≈–
 π“¡·¡à‡À≈Á° ·≈–§«“¡æ¬“¬“¡Àπ÷Ëß°Á§◊Õ°“√ —ß‡§√“–Àå “√°≈ÿà¡ NdBa2Cu3O6.5 À√◊Õ Nd123 ´÷Ëß‡ªìπ
 “√°≈ÿà¡µ—«π”¬«¥¬‘Ëß∑’Ë¡’‚§√ß √â“ß„°≈â‡§’¬ß°—∫ “√ Y123 ‚¥¬„™â‡∑§π‘§„π°“√ —ß‡§√“–Àå‰¡à·µ°µà“ß°—π
¡“°π—°  “¡“√∂∑”°“√»÷°…“°√–∫«π°“√‡µ√’¬¡·≈–°“√ —ß‡§√“–Àå “√ Nd123 ‰¥âÀ≈“¬«‘∏’®“°°≈ÿà¡«‘®—¬
µà“ßÊ ∑’Ë¡’°“√π”‡ πÕÕ¬à“ß·æ√àÀ≈“¬ ´÷Ëß‡√‘Ë¡µâπ®“°°“√»÷°…“ß“π«‘®—¬∑’Ë¡’°“√π”‡ πÕ∂÷ß«‘∏’°“√‡µ√’¬¡·≈–
°“√ —ß‡§√“–Àåµ—«π”¬«¥¬‘Ëß Y123 ¥—ßµàÕ‰ªπ’È

‚¥¬„πªï 2550 ∞‘µ‘æß»å ·≈–§≥– [1] ‰¥â∑”ß“π«‘®—¬‡√◊ËÕß°“√‡µ√’¬¡·≈–»÷°…“§ÿ≥≈—°…≥–¢Õß
µ—«π”¬«¥¬‘Ëß°≈ÿà¡ Y-Ba-CuO ¥â«¬«‘∏’Õ—πµ√°‘√‘¬“¢Õß¢Õß·¢Áß (solid state reaction) ·≈–»÷°…“ ¡∫—µ‘
¢Õß ¿“æπ”¬«¥¬‘Ëß¢Õß “√µ—«Õ¬à“ß∑’Ë‡µ√’¬¡‰¥â ‡æ◊ËÕ∑”°“√«—¥Õÿ≥À¿Ÿ¡‘«‘°ƒµ‘·≈– π“¡·¡à‡À≈Á°«‘°ƒµ ·≈–
 ¡∫—µ‘Õ◊ËπÊ ´÷Ëß«—¥¥â«¬‡§√◊ËÕß°“√‡≈’È¬«‡∫π¢Õß√—ß ’‡Õ°´å (X-Ray Diffractometer, XRD) »÷°…“‚§√ß √â“ß
∑“ß®ÿ≈¿“§¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ (Scanning Electron Microscopy, SEM) °“√
«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’¥â«¬‡§√◊ËÕß ‡ª°‚∑√¡‘‡µÕ√åæ≈—ßß“π°√–®“¬ (Energy Dispersive X-Ray
Spectrometer, EDS) ·≈–°“√»÷°…“‚§√ß √â“ß¢Õß “√‚¥¬°“√„Àâ≈”Õ‘‡≈Á°µ√Õπºà“π “√µ—«Õ¬à“ß (Transmission
Electron Microscope, TEM) ÷́Ëßº≈°“√∑¥≈Õß∑’Ë‰¥â æ∫«à“µ—«π”¬«¥¬‘Ëß∑’Ë‡µ√’¬¡‰¥â¡’ Ÿµ√‡§¡’‡ªìπ
YBa2Cu3O6.96  “√∑’Ë‡µ√’¬¡‰¥â≈—°…≥–·ºàπ°≈¡ ’¥” ¡’‡ âπºà“π»Ÿπ¬å°≈“ß 4 ‡´πµ‘‡¡µ√ ¡’§«“¡Àπ“
5 ¡‘≈≈‘‡¡µ√ ·≈–¡’Õÿ≥À¿Ÿ¡‘«‘°ƒµ‘ (critical temperature, Tc) 92 ‡§≈«‘π  π“¡·¡à‡À≈Á°«‘°ƒµ 0.03
¡‘≈≈‘‡∑ ≈“ ¡’‚§√ß √â“ß·∫∫ÕÕ√å‚∏√Õ¡∫‘§‡ªìπº≈÷°‡¥’Ë¬«¢π“¥ 0.5 ‰¡‚§√‡¡µ√

·≈–®“°ß“π«‘®—¬¢Õß∏—≠πæ π‘≈°”®√ ·≈–§≥– [2] ‰¥â∑”°“√‡µ√’¬¡ “√µ—«π”¬«¥¬‘Ëß°≈ÿà¡
Y-Ba-CuO ¥â«¬«‘∏’Õ—πµ√°‘√‘¬“¢Õß¢Õß·¢Áß ‡æ◊ËÕ∑”°“√»÷°…“°“√ —ß‡§√“–Àåµ—«π”¬«¥¬‘ËßÕÿ≥À¿Ÿ¡‘ Ÿß
YBa2Cu3O7-x À√◊Õ Y123 ‚¥¬°√–∫«π°“√À≈Õ¡ (melt processing) ·≈–∑”„Àâµ—«π”¬«¥¬‘Ëß∑’Ë‰¥â¡’ ¡∫—µ‘
∑“ß‰øøÑ“·≈–·¡à‡À≈Á°∑’Ë¥’¬‘Ëß¢÷Èπ ‚¥¬‰¥âº ¡ Y2BaCuO5 À√◊Õ Y211 ‡¢â“‰ª¥â«¬ ®“°°“√»÷°…“æ∫«à“„π
 —¥ à«π°“√º ¡ Y123 µàÕ Y211 ∑’Ë‡À¡“– ¡ µ—«π”¬«¥¬‘Ëß∑’Ë‰¥â®–¡’ ¡∫—µ‘∑“ßøî ‘° å∑’Ë¥’¢÷Èπ ‚¥¬æ∫«à“
¡’Õÿ≥À¿Ÿ¡‘«‘°ƒµ‘ª√–¡“≥ 91 ‡§≈«‘π ·≈–¡’§«“¡∑π∑“π·¡à‡À≈Á°¥’¢÷Èπ‡ªìπÕ¬à“ß¡“°

„π°“√»÷°…“°“√‡µ√’¬¡·≈–°“√ —ß‡§√“–Àå “√°≈ÿà¡ NdBa2Cu3O6.5 À√◊Õ Nd123 „πªï 1995
∑Õ¥∑å ·≈–§≥– [3] ‰¥â»÷°…“°“√‡µ√’¬¡ Y123 ¥â«¬°√–∫«π°“√À≈Õ¡‡æ◊ËÕ∑”„Àâ‰¥â “√∑’Ë¡’·√ß≈Õ¬µ—«
(levitation force) ‡¡◊ËÕÕ¬Ÿà¿“¬„µâÕ‘∑∏‘æ≈¢Õß π“¡·¡à‡À≈Á° Ÿß¢÷Èπ ∑—Èßπ’È∑Õ¥∑å·≈–§≥–‰¥â„™â‡∑§π‘§°“√
ª≈Ÿ°º≈÷° Nd123 ∫π Y123 ·≈– “√ Nd123 ∑’Ë‡µ√’¬¡‰¥â¡’ 2 ª√–‡¿∑ §◊Õ ·∫∫·ºàπ·≈–≈Ÿ°∫“»°å
´÷Ëßº≈÷° Nd123 ∑’Ë„™â„π°“√»÷°…“π’È‡µ√’¬¡‰¥â‚¥¬«‘∏’°“√°”Àπ¥ª√‘¡“≥ “√∑’Ëº ¡„Àâ‡¢â“°—π (flux growth
method) ‚¥¬¡’ “√ª√–°Õ∫µ—Èßµâπ‡ªìππ’‚Õ‰¥‡¡’¬¡ÕÕ°‰´¥å (Nd2O3) ·∫‡√’¬¡§“√å∫Õ‡πµ (BaCO3) ·≈–
§Õª‡ªÕ√åÕÕ°‰´¥å (CuO) ´÷Ëß„π°“√‡º“®–„Àâ§«“¡√âÕπ∑’Ë‡Àπ◊Õ°«à“®ÿ¥¢ÕßÕÿ≥À¿Ÿ¡‘‡æÕ√‘‡∑§µ‘§ (peritectic
temperature, Tp) ¢Õß “√ Nd123 À≈—ß®“°π—Èπ°Á∑”„Àâ‡¬Áπ≈ßÕ¬à“ß™â“Ê  “√µ—«Õ¬à“ß∑’Ë‰¥â¡’≈—°…≥–‡ªìπ
¢Õß·¢Áßº≈÷°·∫∫‚¥‡¡π‡¥’Ë¬«
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®“°π—Èπ„πªï 1997 °√“‡¥Õ√å ·≈–§≥– [4] ‰¥â∑”°“√∑¥≈Õß‡µ√’¬¡ºß∫√‘ ÿ∑∏‘Ï¢Õß “√ Nd123
‚¥¬«‘∏’°“√µ°µ–°Õπ√à«¡∑“ßÕÕ°´“‡≈µ (oxalate coprecipitation) ‚¥¬„™â “√µ—Èßµâπ‡ªìππ’‚Õ‰¥‡¡’¬¡
Õ–´‘‡µ∑ ‰Œ‡¥√µ (neodymium acetate hydrate) ·∫‡√’¬¡ Õ–´‘‡µ∑ (barium acetate) §Õª‡ªÕ√å
‚¡‚π‰Œ‡¥√µ Õ–´‘‡µ∑ (copper monohydrate acetate) ÕÕ°´“≈‘§ ·Õ´‘¥ ‰¥‰Œ‡¥√µ (oxalic acid
dihydrate) πÈ”°≈—Ëπ (triply distilled water) ‰Õ‚´‚æ√æ“πÕ≈ (isopropanol) ·≈–‡°≈‡™’¬≈ Õ“ ‘́µ‘§
·Õ´‘¥ (glacial acetic acid) À≈—ß®“°π—Èπ°√“‡¥Õ√å·≈–§≥– ∑”°“√»÷°…“¥â«¬‡§√◊ËÕß¡◊Õ XRD, TG (Thermo
Gravimetric)/DTA (Differential Thermal Analysis) ·≈– SEM/EDS æ∫«à“ “√∑’Ë‡µ√’¬¡‰¥â∑’Ë¡’
‡ß◊ËÕπ‰¢°“√‡µ√’¬¡∑’Ë‡À¡“– ¡®–¡’Õÿ≥À¿Ÿ¡‘«‘°ƒµ‘ª√–¡“≥ 99 ‡§≈«‘π ·≈–¡’Õÿ≥À¿Ÿ¡‘‡æÕ√‘‡∑§µ‘§∑’Ëª√–¡“≥
1086 Õß»“‡´≈‡´’¬ 

µàÕ¡“„πªï 1999 «Ÿ·≈–À«“ß [5] ‰¥â∑”°“√«‘®—¬µ—«π”¬«¥¬‘Ëß Nd123 æ∫«à“ “√≈–≈“¬¢Õß·¢Áß
(solid solution) ¢Õßæ«°‰ÕÕÕπ∫«°√–À«à“ßπ’‚Õ‰¥‡¡’¬¡ (Nd) ·≈–·∫‡√’¬¡ (Ba) ¡’·π«‚πâ¡∑”„Àâ
µ—«π”¬«¥¬‘Ëß¡’°“√‡ª≈’Ë¬π·ª≈ßÕÿ≥À¿Ÿ¡‘«‘°ƒµ‘≈¥≈ß ·≈–„π°√–∫«π°“√∑’Ë¡’§«“¡¥—π¢ÕßÕÕ°´‘‡®πµË” ∑”„Àâ
Õÿ≥À¿Ÿ¡‘«‘°ƒµ‘·≈–§«“¡Àπ“·πàπ°√–· «‘°ƒµ‘ (critical current density, Jc)  Ÿß¢÷Èπ

®“°°“√»÷°…“ß“π«‘®—¬ “√°≈ÿà¡ Y123 ·≈– Nd123 µ“¡∑’Ë°≈à“«¡“¢â“ßµâπ¢Õß°≈ÿà¡π—°«‘®—¬ [1, 2]
∑’Ë∑”°“√»÷°…“ “√°≈ÿà¡ Y123 ¥â«¬«‘∏’Õ—πµ√°‘√‘¬“¢Õß¢Õß·¢Áß ·≈–¥â«¬°√–∫«π°“√À≈Õ¡ ·µà„π°≈ÿà¡
π—°«‘®—¬ [3-5] ∑”°“√»÷°…“ “√°≈ÿà¡ Nd123 ¥â«¬«‘∏’Õ◊Ëπ ÷́Ëß§≥–ºŸâ«‘®—¬®÷ß‰¥âª√–¬ÿ°µå°“√‡µ√’¬¡·≈–°“√
 —ß‡§√“–Àå “√°≈ÿà¡ Nd123 ‚¥¬„™â‡∑§π‘§°“√‡µ√’¬¡·∫∫ “√°≈ÿà¡ Y123 ¥—ßπ—Èπ„πß“π«‘®—¬π’È§≥–ºŸâ«‘®—¬‰¥â
∑”°“√»÷°…“°√–∫«π°“√‡µ√’¬¡·≈–°“√ —ß‡§√“–Àå “√ Nd123 ¥â«¬°√–∫«π°“√‡º“·§≈‰´πå (calcination)
·≈–°“√‡º“ºπ÷° (sintering) ¥â«¬°√–∫«π°“√À≈Õ¡ ·≈â«π” “√ Nd123 ∑’Ë‡µ√’¬¡‰¥â®“°°√–∫«π°“√
¥—ß°≈à“«‰ª∑”°“√»÷°…“ ¡∫—µ‘∑“ßøî ‘° å¢Õß “√ Nd123 ¥â«¬‡§√◊ËÕß¡◊Õ XRD, EDS, SEM ·≈– STA  (Si-
multaneous Thermal Analyzer)

«‘∏’°“√∑¥≈Õß
§≥–ºŸâ«‘®—¬‰¥â‡µ√’¬¡ “√ Nd123 ́ ÷Ëß¡’ “√ª√–°Õ∫µ—Èßµâπ‡ªìππ’‚Õ‰¥‡¡’¬¡ÕÕ°‰´¥å (Nd2O3) ¬’ËÀâÕ

Sigma-Aldrich assay 99.9% ·∫‡√’¬¡§“√å∫Õ‡πµ (BaCO3) ¬’ËÀâÕ Univer assay 99.0-101.0% ·≈–
§Õª‡ªÕ√åÕÕ°‰´¥å (CuO) ¬’ËÀâÕ Fluka purum 98.0% ´÷Ëß “√µ—Èßµâπ¡’ Ÿµ√∑“ß‡§¡’¥—ßπ’È

0.5Nd2O3 + 2Ba2CO3 + 3CuO → NdBa2Cu3O6.5 + CO2

 “¡“√∂§”π«≥À“ —¥ à«π¢Õß¡«≈‡ªìπ°√—¡®“° ¡°“√‡§¡’‰¥â¥—ßπ’È π’‚Õ‰¥‡¡’¬¡ÕÕ°‰´¥å ‡∑à“°—∫
16.824 °√—¡ ·∫‡√’¬¡§“√å∫Õ‡πµ ‡∑à“°—∫ 39.467 °√—¡ §Õª‡ªÕ√åÕÕ°‰´¥å ‡∑à“°—∫ 23.864 °√—¡ ®“°π—Èπ
π” “√∑—Èß “¡¡“§≈ÿ°„Àâ‡¢â“°—π„π§√°Õ≈Ÿ¡‘π“®π “√‡¢â“°—π¥’ ·≈â«π”‰ª„ à„π∂â«¬Õ≈Ÿ¡‘π“ ‡æ◊ËÕ∑”°“√‡º“¥â«¬
°√–∫«π°“√‡º“·§≈‰´πå ·≈–°“√ºπ÷°¥â«¬°√–∫«π°“√À≈Õ¡„π∫√√¬“°“» ´÷Ëß¡’°√–∫«π°“√‡º“µà“ßÊ
¥—ßπ’È
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1. °√–∫«π°“√‡º“·§≈‰´πå
´÷Ëß°àÕπ°√–∫«π°“√‡º“®–µâÕßÕÿàπ‡µ“‡º“„Àâ¡’Õÿ≥À¿Ÿ¡‘ 100 Õß»“‡´≈‡ ’́¬ °àÕπ ®“°π—Èπ

‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘¢÷Èπ¥â«¬Õ—µ√“ 20 Õß»“‡´≈‡ ’́¬ µàÕπ“∑’®πÕÿ≥À¿Ÿ¡‘¢Õß‡µ“‡º“ Ÿß∂÷ß 900 Õß»“‡´≈‡ ’́¬ 
·≈â«§ß∑’ËÕÿ≥À¿Ÿ¡‘¥—ß°≈à“«π’È‰«â 24 ™—Ë«‚¡ß ‡π◊ËÕß®“° “√ Nd123 ∑’Ë‰¥â®“°°√–∫«π°“√À≈Õ¡¡’Õÿ≥À¿Ÿ¡‘
‡æÕ√‘‡∑§µ‘§ 1,086 Õß»“‡´≈‡ ’́¬  ®÷ß°”Àπ¥Õÿ≥À¿Ÿ¡‘„π°“√‡º“„ÀâµË”°«à“·≈–¢âÕ¡Ÿ≈∑’Ë‰¥â®“° DTA/TG [4]
®“°π—Èπ≈¥Õÿ≥À¿Ÿ¡‘≈ß¥â«¬Õ—µ√“ 20 Õß»“‡´≈‡ ’́¬ µàÕπ“∑’ ®πÕÿ≥À¿Ÿ¡‘≈¥≈ß¡“∂÷ß 100 Õß»“‡´≈‡ ’́¬ 
Õ’°§√—Èß°Á‡ªìπÕ—π‡ √Á®¢Õß°√–∫«π°“√‡º“§√—Èß∑’Ë 1 ÷́Ëß¡’°√–∫«π°“√¥—ß√Ÿª∑’Ë 1

√Ÿª∑’Ë 1 · ¥ß°√–∫«π°“√‡º“§√—Èß∑’Ë 1 ·≈– 2

 “√∑’Ë‰¥â®“°°√–∫«π°“√‡º“§√—Èß∑’Ë 1 ¡’√Ÿæ√ÿπ ’¥”‡°“–µ—«°—π·πàπ ®“°π—Èππ” “√∑’Ë‰¥â®“°°“√‡º“
§√—Èß∑’Ë 1 ‰ª∫¥¥â«¬§√°Õ≈Ÿ¡‘π“ ®–‰¥â “√‡ªìπºß≈–‡Õ’¬¥ ’¥”‡ªìπ‡π◊ÈÕ‡¥’¬«°—π·≈â« π”¡“√àÕπ¥â«¬µ–·°√ß¢π“¥
45 ‰¡‚§√‡¡µ√ ‡æ◊ËÕ„Àâ‰¥â “√∑’Ë≈–‡Õ’¬¥‡ªìπ‡π◊ÈÕ‡¥’¬«°—π¡“°¬‘Ëß¢÷Èπ π” “√¡“„ à∂â«¬Õ≈Ÿ¡‘π“Õ’°§√—Èß ‡æ◊ËÕπ”
¡“‡º“§√—Èß∑’Ë 2 ÷́Ëß¡’°√–∫«π°“√‡º“‡™àπ‡¥’¬«°—∫°√–∫«π°“√‡º“§√—Èß∑’Ë 1

‡¡◊ËÕ‡ √Á® ‘Èπ°√–∫«π°“√‡º“§√—Èß∑’Ë 2 ·≈â«π”‰ª∫¥„Àâ≈–‡Õ’¬¥„π§√°Õ≈Ÿ¡‘π“ ·≈–π”‰ª√àÕπ¥â«¬
µ–·°√ß¢π“¥ 45 ‰¡‚§√‡¡µ√®π‡ªìπºß≈–‡Õ’¬¥ ·≈â«π” “√‰ªÕ—¥¥â«¬‡§√◊ËÕßÕ—¥¥â«¬·√ß¥—π 1,500 ªÕπ¥å/
µ“√“ßπ‘È« ®π‰¥â “√∑’Ë¡’≈—°…≥–‡ªìπ·ºàπ°≈¡ ’¥” ‡ âπºà“π»Ÿπ¬å°≈“ß 30 ¡‘≈≈‘‡¡µ√ Àπ“ 4.6 ¡‘≈≈‘‡¡µ√

2. °“√‡º“ºπ÷°¥â«¬°√–∫«π°“√À≈Õ¡
‚¥¬‡√‘Ë¡µâπ°√–∫«π°“√‡º“∑’ËÕÿ≥À¿Ÿ¡‘ 100 Õß»“‡´≈‡ ’́¬  ·≈â«‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘¢÷Èπ¥â«¬Õ—µ√“ 20

Õß»“‡´≈‡´’¬ µàÕπ“∑’ ®πÕÿ≥À¿Ÿ¡‘‡µ“∂÷ß 1,136 Õß»“‡´≈‡ ’́¬  ´÷Ëß‡ªìπÕÿ≥À¿Ÿ¡‘∑’Ë®–‡°‘¥°“√À≈Õ¡¢÷Èπ ·≈â«
§ß∑’Ë‰«â‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß‡π◊ËÕß®“° “√ Nd123 ∑’Ë‰¥â®“°°√–∫«π°“√À≈Õ¡¡’Õÿ≥À¿Ÿ¡‘‡æÕ√‘‡∑§µ‘§ 1,086
Õß»“‡´≈‡ ’́¬  ®÷ß°”Àπ¥Õÿ≥À¿Ÿ¡‘„π°“√À≈Õ¡„Àâ Ÿß°«à“ª√–¡“≥ 50 Õß»“‡´≈‡ ’́¬ ·≈–¢âÕ¡Ÿ≈∑’Ë‰¥â®“°
DTA/TG [4] ®“°π—Èπ≈¥Õÿ≥À¿Ÿ¡‘≈ß¥â«¬Õ—µ√“ 80 Õß»“‡´≈‡ ’́¬ µàÕπ“∑’ ®πÕÿ≥À¿Ÿ¡‘≈¥≈ß‡À≈◊Õ 1,096
Õß»“‡´≈‡´’¬  ·≈â«§ß∑’Ë‰«â‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ®“°π—Èπ≈¥Õÿ≥À¿Ÿ¡‘≈ß¥â«¬Õ—µ√“ 0.1 Õß»“‡´≈‡ ’́¬ µàÕπ“∑’

 

 

900 ÌC    ‡ªìπ‡«≈“ 24 h 

20 ÌC/min 20 ÌC/min 

‡«≈“
100 ÌC100 ÌC

Õÿ≥À¿Ÿ¡‘ (Õß»“‡´≈‡ ’́¬ )
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®πÕÿ≥À¿Ÿ¡‘≈¥≈ß‡À≈◊Õ 950 Õß»“‡´≈‡´’¬  ·≈â«§ß∑’Ë‰«â‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß À≈—ß®“°π—Èπ≈¥Õÿ≥À¿Ÿ¡‘≈ß¥â«¬
Õ—µ√“ 20 Õß»“‡´≈‡ ’́¬ µàÕπ“∑’ ®π∂÷ßÕÿ≥À¿Ÿ¡‘≈¥≈ß∂÷ß 100 Õß»“‡´≈‡ ’́¬  Õ’°§√—Èß°Á‡ªìπÕ—π‡ √Á® ‘Èπ
°√–∫«π°“√‡º“§√—Èß∑’Ë 3 ´÷Ëß¡’°√–∫«π°“√‡º“¥—ß√Ÿª∑’Ë 2

√Ÿª∑’Ë 2 · ¥ß°√–∫«π°“√‡º“§√—Èß∑’Ë 3

§≥–ºŸâ«‘®—¬‰¥â∑”°“√»÷°…“ ¡∫—µ‘∑“ßøî ‘° å¢Õß “√ Nd123 ∑’Ë‡µ√’¬¡‰¥â¡’≈—°…≥–‡ªìπºß ’¥”
®“°°√–∫«π°“√‡º“·§≈‰´πå·≈–‡ªìπ·ºàπ°≈¡ ’¥”®“°°“√‡º“ºπ÷°¥â«¬°√–∫«π°“√À≈Õ¡·≈â«π”¡“∫¥‡ªìπºß
À≈—ß®“°π—Èππ”‰ª»÷°…“‚§√ß √â“ß¢Õßº≈÷°¢Õß “√µ—«Õ¬à“ß¥â«¬‡§√◊ËÕß°“√‡≈’È¬«‡∫π¢Õß√—ß ’‡Õ° ǻ (X-Ray
Diffractometer, XRD) √ÿàπ X8APEX ¬’ËÀâÕ Bruker »÷°…“‚§√ß √â“ß∑“ß®ÿ≈¿“§¥â«¬°≈âÕß®ÿ≈∑√√»πå
Õ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ (Scanning Electron Microscopy, SEM) ¬’ËÀâÕ JEOL √ÿàπ JSM-5800LV
«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’¥â«¬‡§√◊ËÕß ‡ª°‚∑√¡‘‡µÕ√åæ≈—ßß“π°√–®“¬ (Energy Dispersive X-Ray
Spectrometer, EDS) √ÿàπ JSM 5800LV ¬’ËÀâÕ JEOL ·≈–»÷°…“°“√‡ª≈’Ë¬π‡ø ¢Õß “√∑’Ë¬à“πÕÿ≥À¿Ÿ¡‘ Ÿß
¢Õß “√µ—«Õ¬à“ß¢Õß°“√«‘‡§√“–Àå¥â«¬‡§√◊ËÕß Simultaneous Thermal Analyzer, STA √ÿàπ 409 ¬’ËÀâÕ
Netzsch ‚¥¬‡§√◊ËÕß¡◊Õ∑—ÈßÀ¡¥‡ªìπ¢Õß»Ÿπ¬å‡§√◊ËÕß¡◊Õ«‘®—¬«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’¢Õß®ÿÃ“≈ß°√≥å
¡À“«‘∑¬“≈—¬  “¡“√∂»÷°…“Õÿª°√≥å·≈–‡∑§π‘§∑’Ë„™â«‘‡§√“–Àåµ—«Õ¬à“ß‰¥â®“° http://www.strec.chula.ac.th/
´÷Ëß‰¥âº≈°“√«‘‡§√“–Àåµ“¡À—«¢âÕ¥—ßµàÕ‰ªπ’È

20 ÌC/min

1,136 ÌC ‡ªìπ‡«≈“ 1 h 
80 ÌC/min 
    1,096 ÌC ‡ªìπ‡«≈“ 1 h 

0.1 ÌC/min
 950 ÌC ‡ªìπ‡«≈“ 24 h

20 ÌC/min 

100 ÌC100 ÌC

Õÿ≥À¿Ÿ¡‘ (Õß»“‡´≈‡´’¬ )

‡«≈“
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º≈°“√∑¥≈Õß
°“√»÷°…“‚§√ß √â“ß¢Õßº≈÷°¢Õß “√µ—«Õ¬à“ß

º≈°“√µ√«® Õ∫‚§√ß √â“ßº≈÷°¥â«¬‡§√◊ËÕß°“√‡≈’È¬«‡∫π¢Õß√—ß ’‡Õ°´å ‚¥¬„™â‚ª√·°√¡∞“π
¢âÕ¡Ÿ≈¢Õß DIFFRAC

plus
 Evaluation √ÿàπ D8 Advance ¬’ËÀâÕ Bucker ¢Õß¿“§«‘™“øî ‘° å §≥–«‘∑¬“»“ µ√å

¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤ ´÷Ëß®–‰¥â°√“ø§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡°—∫¡ÿ¡°“√«—¥¢Õß “√µ—«Õ¬à“ß
°àÕπ·≈–À≈—ß°√–∫«π°“√À≈Õ¡ ¥—ß√Ÿª∑’Ë 3 æ∫«à“ “√µ—«Õ¬à“ß∑—Èß°àÕπ·≈–À≈—ß°√–∫«π°“√À≈Õ¡¡’‚§√ß √â“ß
º≈÷°‡ªìπ‡µµ√–‚°πÕ≈ (tetragonal) ·≈–ÕÕ√å‚∏√Õ¡∫‘§ (orthorhombic) ®“°∞“π¢âÕ¡Ÿ≈ JCPDS file
No. 45-152, 46-571 µ“¡≈”¥—∫

√Ÿª∑’Ë 3 · ¥ßº≈ XRD ‡ª√’¬∫‡∑’¬∫¢Õß “√µ—«Õ¬à“ß°àÕπ·≈–À≈—ß°“√‡º“¥â«¬°√–∫«π°“√À≈Õ¡

´÷Ëß®“°º≈· ¥ß°“√‡ª√’¬∫‡∑’¬∫∑”„Àâ∑√“∫«à“ “√µ—«Õ¬à“ß®“°°“√‡º“ºπ÷°¥â«¬°√–∫«π°“√À≈Õ¡
(after) ∑”„Àâ‡°‘¥°“√·¬°æ’§ÕÕ√å‚∏√Õ¡∫‘§ (orthorhombic splitting) „π‚§√ß √â“ß·∫∫ÕÕ√å‚∏√Õ¡∫‘§
´÷Ëß‡¥‘¡ “√µ—«Õ¬à“ß®“°°√–∫«π°“√‡º“·§≈‰´πå (before) ®–¡’‚§√ß √â“ß·∫∫‡µµ√–‚°πÕ≈®“°°√“ø∑’Ë‰¥â
‡¡◊ËÕ«‘‡§√“–Àåº≈¥â«¬°“√‡∑’¬∫®“°∞“π¢âÕ¡Ÿ≈∑”„Àâ∑√“∫§à“µà“ßÊ  “¡“√∂ √ÿªÕÕ°¡“‰¥â¥—ßµ“√“ß∑’Ë 1
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µ“√“ß∑’Ë 1 · ¥ß‚§√ß √â“ßº≈÷°‡ø ∑’Ëæ∫·≈–§à“§ßµ—«º≈÷°¢Õß “√°àÕπ·≈–À≈—ß°“√‡º“¥â«¬°√–∫«π°“√À≈Õ¡

 “√µ—«Õ¬à“ß ‚§√ß √â“ß ‡ø ∑’Ëæ∫ §à“§ßµ—«º≈÷° (Õ—ß µ√Õ¡)

before ‡µµ√–‚°πÕ≈ NdBa2Cu3O7-x a = 5.521 b = 5.521 c = 11.713

after ÕÕ√å‚∏√Õ¡∫‘§ NdBa2Cu3O6+x a = 3.8781 b = 3.9226 c =11.7743

°“√»÷°…“æ◊Èπº‘«¢Õß “√µ—«Õ¬à“ß
°“√«‘‡§√“–Àåæ◊Èπº‘«¢Õß “√µ—«Õ¬à“ß∑’Ë‰¥â®“°°“√∂à“¬¿“æ¥â«¬‡§√◊ËÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫

 àÕß°√“¥‡ªìπ‡§√◊ËÕß¡◊Õ∑’Ë„™â„π°“√»÷°…“‡æ◊ËÕ„Àâ¡Õß‡ÀÁπ∂÷ßæ◊Èπº‘«¢Õß “√µ—«Õ¬à“ß ÷́Ëß “¡“√∂„™â¥Ÿ¢π“¥
¢ÕßÕπÿ¿“§ √Ÿª√à“ß·≈–§«“¡‡ªìπ‡π◊ÈÕ‡¥’¬«°—π¢Õß “√µ—«Õ¬à“ß ¿“æ∑’Ë‰¥â®“°°“√∂à“¬¥â«¬°”≈—ß¢¬“¬ 100
·≈– 1,000 ‡∑à“ ¡’√“¬≈–‡Õ’¬¥¥—ßπ’È

√Ÿª∑’Ë 4 · ¥ß¿“æ∂à“¬æ◊Èπº‘«¢Õß “√µ—«Õ¬à“ß Nd123 ∑’Ë‡ªìπºß°àÕπ°√–∫«π°“√À≈Õ¡ ∑’Ë°”≈—ß¢¬“¬ 1,000 ‡∑à“

®“°√Ÿª∑’Ë 4 æ∫«à“ “√ Nd123 ∑’Ë‰¥â®“°°√–∫«π°“√‡º“·§≈‰´πå ¡’≈—°…≥–æ◊Èπº‘«∑’Ë‰¡à‡√’¬∫
·≈–æ∫«à“ “√‰¡à‡ªìπ‡π◊ÈÕ‡¥’¬«°—π ‚¥¬¡’¢π“¥Õπÿ¿“§ª√–¡“≥ 1 ‰¡‚§√‡¡µ√
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√Ÿª∑’Ë 5 · ¥ß¿“æ∂à“¬æ◊Èπº‘«¢Õß “√µ—«Õ¬à“ß Nd123 ∑’Ë‡ªìπºßÀ≈—ß°√–∫«π°“√À≈Õ¡ ∑’Ë°”≈—ß¢¬“¬ 100 ‡∑à“

®“°√Ÿª∑’Ë 5 æ∫«à“ “√ Nd123 ∑’Ë‰¥â®“°°“√‡º“ºπ÷°¥â«¬°√–∫«π°“√À≈Õ¡ ¡’≈—°…≥–æ◊Èπº‘«¡’
°“√·∫àßÕÕ°‡ªìπ 2 ∫√‘‡«≥ §◊Õ Nd123 ·≈– Ba2Cu3O5+x ‚¥¬∫√‘‡«≥ Nd123 ¡’≈—°…≥–æ◊Èπº‘«∑’Ë‡√’¬∫
°«à“∫√‘‡«≥∑’Ë¡’ Ba2Cu3O5+x ∑”„Àâ∑√“∫«à“À≈—ß®“°ºà“π°√–∫«π°“√À≈Õ¡ “√¡’°“√·¢Áßµ—«∑’Ë¬—ß‰¡à‡ªìπ‡π◊ÈÕ
‡¥’¬«°—π‡∑à“∑’Ë§«√

°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’¢Õß∏“µÿ∑’Ë¡’Õ¬Ÿà„π “√µ—«Õ¬à“ß
°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’¢Õß∏“µÿ∑’Ë¡’Õ¬Ÿà„π “√µ—«Õ¬à“ß∑—Èß°àÕπ·≈–À≈—ß°√–∫«π°“√

À≈Õ¡∑”‰¥â¥â«¬°“√«—¥¥â«¬‡§√◊ËÕß ‡ª°‚∑√¡‘‡µÕ√åæ≈—ßß“π°√–®“¬ ‚¥¬®–· ¥ßª√‘¡“≥¢Õß∏“µÿÕÕ°¡“„π
√Ÿª¢Õß‡ªÕ√å‡´Áπµå∑’Ë¡’Õ¬Ÿà„π “√ Nd123 ‚¥¬¡’ª√‘¡“≥¢Õß ∏“µÿπ’‚Õ‰¥‡¡’¬¡ (Nd) ·∫‡√’¬¡ (Ba) §Õª‡ªÕ√å
(Cu) ·≈–ÕÕ°´‘‡®π (O) „πª√‘¡“≥∑’Ë·µ°µà“ß°—π ·≈– “¡“√∂· ¥ßÕÕ°¡“¥—ß√Ÿª∑’Ë 6

√Ÿª∑’Ë 6 · ¥ßª√‘¡“≥∏“µÿ∑’Ë¡’Õ¬Ÿà„π “√µ—«Õ¬à“ß Nd123
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´÷Ëßº≈∑’Ë‰¥â®“°°“√«‘‡§√“–Àå ‡¡◊ËÕ§”π«≥‚¥¬„™â‡ªÕ√å‡´Áπµå¢ÕßπÈ”Àπ—°Õ–µÕ¡‡∑’¬∫∫—≠≠—µ‘‰µ√¬“ß»å
‚¥¬„ÀâÕ–µÕ¡¢Õß§Õª‡ªÕ√å‡ªìπ‡≈¢®”π«π‡µÁ¡ ·≈â«π”¡“À“§à“‡©≈’Ë¬®“°∑ÿ° “√µ—«Õ¬à“ß ®–‰¥â Ÿµ√‡§¡’¢Õß
 “√µ—«Õ¬à“ß‡ªìπ Nd1.05Ba2.085Cu3.00O4.095 ·≈–¡’§«“¡ Õ¥§≈âÕß°—∫º≈∑’Ë‰¥â®“° XRD ∂÷ß∑»π‘¬¡
µ”·Àπàß∑’Ë 1 „π à«π¢Õß∏“µÿ‚Õ‰¥‡¡’¬¡ ·∫‡√’¬¡ §Õª‡ªÕ√å ·µà„π à«π¢Õß∏“µÿÕÕ° ‘́‡®π¡’§«“¡·µ°µà“ß
°—π§àÕπ¢â“ß¡“°

°“√»÷°…“°“√‡ª≈’Ë¬π‡ø ¢Õß “√µ—«Õ¬à“ß∑’Ë¬à“πÕÿ≥À¿Ÿ¡‘ Ÿß
°“√»÷°…“°“√‡ª≈’Ë¬π‡ø  “√µ—«Õ¬à“ß∑”‚¥¬°“√«‘‡§√“–Àå¥â«¬‡∑§π‘§ STA ‚¥¬«‘‡§√“–Àå “√

µ—«Õ¬à“ß∑’Ë‰¥â®“°°“√‡º“ºπ÷°¥â«¬°√–∫«π°“√À≈Õ¡¡“∫¥„Àâ‡ªìπºß·≈â«∑”°“√«—¥„π∫√√¬“°“»ª°µ‘ „π™à«ß
Õÿ≥À¿Ÿ¡‘°“√«—¥§◊Õ 100 Õß»“‡´≈‡ ’́¬  ∂÷ß 1,200 Õß»“‡´≈‡ ’́¬   “¡“√∂«—¥‰¥â∑—Èß‡∑§π‘§ TGA ·≈–
DTA °“√∑”ß“π¢Õß‡§√◊ËÕß«—¥°“√‡ª≈’Ë¬π·ª≈ßπÈ”Àπ—°æ√âÕ¡°—∫«—¥°“√¥Ÿ¥À√◊Õ§“¬§«“¡√âÕπ¢Õß “√ ‡¡◊ËÕ
„Àâ§«“¡√âÕπ·°à “√‚¥¬„™â‡§√◊ËÕß™—Ëß«—¥πÈ”Àπ—° ·≈–„™â‡∑Õ√å‚¡§—æ‡ªî≈«—¥Õÿ≥À¿Ÿ¡‘¢Õß “√‡∑’¬∫°—∫Õÿ≥À¿Ÿ¡‘
¢Õß “√Õâ“ßÕ‘ß ´÷Ëßº≈°“√«‘‡§√“–Àå∑’Ë‰¥â· ¥ß‡ªìπ°√“ø§«“¡ —¡æ—π∏å√–À«à“ßπÈ”Àπ—°∑’Ë‡ ’¬‰ª°—∫Õÿ≥À¿Ÿ¡‘
¥—ß√Ÿª∑’Ë 7

√Ÿª∑’Ë 7 °√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ßπÈ”Àπ—°∑’Ë‡ ’¬‰ª°—∫Õÿ≥À¿Ÿ¡‘

®“°°“√«‘‡§√“–Àå°√“ø DTA ¡’°“√ Ÿ≠‡ ’¬¡«≈∑’Ë∫√‘‡«≥ 1,084.5 Õß»“‡´≈‡´’¬  ·≈–°√“ø
TGA ∑’Ëµ”·Àπàß 1,084.5 Õß»“‡´≈‡´’¬  ¡’°“√¥Ÿ¥°≈◊πæ≈—ßß“π· ¥ß«à“ “√µ—«Õ¬à“ß∑’Ë‰¥â¡’°“√‡ª≈’Ë¬π
 ∂“π–∑’Ëµ”·Àπàßπ’È ¥—ßπ—Èπ “√¡’°“√‡ª≈’Ë¬π‡ø ∑’ËÕÿ≥À¿Ÿ¡‘ 1,084.5 Õß»“‡´≈‡ ’́¬  ´÷Ëß°Á§◊ÕÕÿ≥À¿Ÿ¡‘
‡æÕ√‘‡∑§µ‘§¢Õß “√µ—«Õ¬à“ß
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 √ÿª·≈–Õ¿‘ª√“¬º≈°“√∑¥≈Õß
§≥–ºŸâ«‘®—¬ “¡“√∂‡µ√’¬¡ “√ Nd123 ¥â«¬°√–∫«π°“√À≈Õ¡ æ∫«à“ “√ Nd123 ∑’Ë‡µ√’¬¡‰¥â
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